IN THE PAST DECADE, there has been an explosion of interest in and information about cholangiocytes, the epithelial cells that line the intrahepatic bile ducts. This increased attention relates to at least three developments: first, the evolution of new experimental models and techniques to directly study cholangiocyte biology; second, the recognition that cholangiocytes are of considerable intrinsic biological interest, particularly with regard to their roles in the transport of water, ions, and solutes, their heterogeneity, and their proliferative capacity; and third, the growing appreciation that cholangiocytes represent the targets of a group of genetic, developmental, immune-mediated, malignant, infectious, and iatrogenic conditions and diseases that we have termed the cholangiopathies.
Recent data from a variety of laboratories have supported the hypothesis that the secretory and absorptive activities of cholangiocytes for water, ions, and solutes likely involve membrane recycling (3). More specifically, the concept has evolved that key flux proteins (that is, proteins involved in solute, ion, and water transport, including channels, transporters, and exchangers) are both introduced into and removed from the apical membrane of cholangiocytes by insertional exocytosis and retrieval endocytosis, respectively, in response to the presence of choleretic and cholestatic agonists (2) . Moreover, a key requirement for this recycling process is the cholangiocyte cytoskeleton and recently described molecular motors (i.e., dynein and kinesin).
In the current article in focus (Ref. 1, see p. C1042 in this issue), Doctor et al. provide additional novel and important evidence supporting an important role for vesicular trafficking in the modification of the apical cholangiocyte membrane. Their key observations in cultured human and rat cholangiocytes include 1) high rates of basal exocytosis and endocytosis, 2) cAMP modulation of exocytosis, 3) an important role for the actin cytoskeleton and submembranous vesicles in vesicle trafficking, and 4) the observation that filamentous actin encapsulates a subpopulation of endocytic vesicles (1). Their findings, together with previously published data, support an important role for regulated vesicle recycling in modification of the cholangiocyte apical membrane, a process that presumably has physiological relevance to cholangiocyte function.
As with any important research, the results generate as many questions as they answer. For example, the interplay of agonists and the identity of specific actin or other cytoskeleton-associated proteins and their functional role in intracellular vesicle trafficking remain to be elucidated. Moreover, the work adds additional credence to the existence of multiple steps along the trafficking pathway that are likely regulated by different as yet unidentified proteins that are recruited in a cascade fashion and that may have common expression among secretory epithelia (although the possibility that they are unique to cholangiocytes needs to be considered).
Although not directly addressed by Doctor et al. (1), the possibility that specific lipids may be involved in the regulation of intracellular trafficking in polarized epithelial cells, including cholangiocytes, will likely be an additional area of important attention in the future (5) . The apical membrane of cholangiocytes is unusual in its lipid composition (i.e., uniquely high cholesterol-to-phospholipid ratio), and the possibility that the unusual features of the apical cholangiocyte membrane may be involved in a regulatory fashion in the agonist-induced recycling of flux proteins must be considered (4) .
Unquestionably, then, recycling of flux proteins as a regulatory mechanism in transporting epithelia, including cholangiocytes, has become increasingly recognized as important. The work of Doctor et al. (1) provides new dimensions from a technological as well as a conceptional viewpoint to this area. Future insights into the role of vesicle trafficking in cholangiocytes and other transporting epithelia will require particular attention to the new technologies described in this article.
